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(54) BUS SYSTEM AND CIRCUIT BOARD 



(57) Abstract: 

PROBLEM TO BE SOLVED: To shorten the signal 
transfer time between a bus master and bus slaves while 
holding it nearly constant without increasing the number 
of pins of the bus master. 

SOLUTION: This system is equipped with synchronous 
RAMs 4a, a memory controller 1a, a bus 5a which inputs 
the signal outputted from the memory controller 1a to the 
synchronous RAMs 4a, and a bus 6a which inputs 
signals outputted from the synchronous RAMs 4a to the 
memory controller 1a. The buses 5a and 6a have trunk 
lines 51a and 61a connected to the memory controller 1a 
and two branch lines connected to the trunk lines. The 
synchronous RAMs 4a are connected to the 
corresponding branch lines so that the total lengths of the 
lengths of the bus 5a between the synchronous RAMs 4a 
and memory controller 1a and the lengths of the bus 6a 
between the synchronous RAMs 4a and memory 
controller 1a become nearly equal to one another. 
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(54) /txs/XT-ARlflaiftaK 



(57) [SJKl] 

f^RAM4a^t^5a^ P«RAM 
4 a ^feffl^Sttyhfff-g-Sr^^i; =^ h a — 9 1 a MA 
£iir&s<X6 a t^:iSx.^o ^5a, 6a#^(t ^ 
^ynyfp^yl a(:»^tl^l51a, 61a 

4 ate, SR|^|RAM4aX^^!J3yhP-7l 
a^OA7 5 aOOS^t. ^iPiRAM4a»V^ 
y ny^p^-y 1 a FfU<ZV^ 6 a <Z)ft$ <t<£>ij&^D/^ ^ 
a Mo^T»&^L< #5 «fc 5 M, 
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#1 




#3 


• • • 


#n-1 








52a. 





[> ■M^p^ADDRESSjONtvtAfJD .WRITE DATA.O^C K Y(b| 



#2 



#4 



#n 



/ 66b. 64& 



61a 



READ DATA 



4> 



1 

[8***1] fflk<0'*xx>—7b. tffititm<0'<** 
\s—7&Mffl1rZ>s<x^x? k, ituE^^^ibttl 

9tf8B»— ^^&tF»— ^-x«-/rfi, H&E^*^**l-ffi 
#U 

**RBtf>»— ^*<PSS£. aR^^^i^— ^Xt^ftfK 

[sr**2] 

[1***4] fft**l. 2Xli3m^ 
K»**5] 8»**4fc:*3V^-T\ 

z:^^^comfSB^^^HufB«^coS^^S^x% Rift 

[1***7] 8***6 i;:*5Uvr, 

[8***8] 88**1, 2, 3, 4, 5, 6X[i7|^ 



(2) WBH 5 ? 9-330156 

2 

sesame***, a»*i»^«*8i-*miBXifti^ 

A 0 

[8***9] 8***1. 2. 3. 4. 5. 

W8B«»^^^W— ^#>ertt. *ift£:frL-Cii&ESS— 
<£>SuE^ Mgigg S *VC *3 9 . 

10 -^(^^^HufB*^£, sK**i^SMW-rs aires: 

[8***1 O] 8***8Xf*9^:fc^T, 

[8***1 1] 8***1 Ofcl*5V^ 
[1***1 2] 8***1 OMjo^T. 

9 RTFTa* 9 «fIBJ J: 9 fi^ R c HJS§ ^MlSt* Z> ~k&¥? 
30 ffltti-S^^V^f^Ao 

[f*** 1 3 ] 8*** 1 , 2, 3, 4 N 5, 6, 7, 

WE^i»^»SSt2:«. a^^tt^yt-^^^ 

«TE*»©^^^ ffiJE^^^^^Sr+^i: L 

T k * 5 £ 5 2 o its 19 & 1 1 T @BB £ thX 

50 ^^^^^(jiffitt*^ mx<Dmmmmm-^RT$ 



3 

*«j{2iBaH**tfc«jia^^^ v-x#*t^ mifs^Eg^: 

*fe*»Wi:*S J: 5^«*StuTV^Sr ifcWWiri- 
[88**1 5] »*gl 4^*3V^, 

[0 0 0 1] 
[0 0 0 2] 

m~$-&M&k Lt, IEEE1596.4<DSyncL 

^y^r^[-ov^ffi$:#ILtp^ 0 B23 
ttSyncLin k 3&SJgfla $ flfcmM^^ ^ y ->^7^A 

[0003] SyncLin k ^ig/B ^tufcPW^^ ^ 
y^^-M*. E)2 3 (-^^i: 9 i-s ISIgWl^fflRAM 
104a w -104a, (KT, I^I^SflRAM 1 0 4 
a t^V^) [51IRAM1 0 4a^f-^c7)t^ 

ii^fflE*WL4r»J»t-Sp«^y ^^-7 10 1a 
ir, T 105a^ 7*— 106a^ 

[0 0 0 4] 7K UXs<X 105a fi, ^U^yhn 

— 7 10 1a ©ffl^y77 10 12a ^bfflAStlfe 

fS^S:* |«RAM10 4a©A^^7rl 0 4 2 a 

[0 0 0 5] t*— 106alt WRAM 10 4 

a <Dmt}s<y7T 1 0 4 4 a h ttiff * tilt V — Rt^ 
^£r;*^y nvhn — ^ 101 a©A^S'7r 101 

[0 0 0 6] 7K UXs<X 1 0 5 a fi, ^ y :s >- h n 

— 7 10 1a CSt5#PiRAMl 0 4a <Z>##I&# 
Uli (# 1 nC^Hl) £:bTV^ 0 7*— 



(3) WH5p9- 3 3 0 1 5 6 

4 

0 6a(l ^ynyhu-7l01a»t^l 
RAMI 0 4 a OffJIJSrHMIH (# n—# 1 <OM) t LT 

v^6o ^(7) j: 9 ^.tx\ ^jJ^yFp-7io 

1 aSt/HMRAM 10 4a ffl<DT yuxs<X 105a 
<ZV^6<^ ^y 3 y^n-7i01a»l»RA 
Ml 0 4 aRSJ<Z>7*— 1 0 6 a £0/^St©iBft 

iTOiffiRAMl 0 4 a fll ~ 1 0 4 a J^O^T 

[0 0 0 7] JblBfllfiKO S y n c L i n k 2Sj6jB &*Wi: 
10 Bii^^y^fAm |«RAM10 4a|i s ;* 
^Ji^yh 9 101aH7 KU^/^ 105a© 

t LT N ^*y3yhn-7l0 1a^?)7K^^ 

1 0 1 a WPiRAMl 0 
4 a W©7 K^/^ 10 5a ©/^fti, ^^r])^> 
Fp-7 10 1a WMRAM1 0 4a RH^t*— 
20 ^10 6a^fit(Z)8ft^ ^PIRAMIO 
4a,-10 4 a^OV^BS^SlX #5 «t 5(^5 £ 

^y 3 yfn^7l01a©MRAM 
10 4a M2t-r£/^y T^ir^ l/^7^V->^rB§— 

[0 0 0 8] 

lOPll^^y^r^tft HRAM104a© 
ScSrii^-t"^ 7Kl/^105aW7-^^l 
0 6a <Ds<XMffi&< &£<£>T\ MifSttSfl' -g-^) 

30 e»l*ra^fi<*«9. SSf ^LT, ^^ynyfp^-7 
10 1a ©^iRAMl 0 4a \Z-1$1rZ> * ^ ]) T 9 i? 

[0 0 0 9] ft. #/^i^l«feTO1^it5/c 
^ynyfa-7l01aSO^aRAM10 
4 a ©W^s/7r 10 12a <DWfcWg^t}'%:~Sx1bZ> 

[0 0 10] (1:^5^ SyncLin ktlt I^JffiR 

^tcfc 5 7Ki/^l05bSOr^^l0 
6 b^b^^^^^SSt-I^^RAMl 0 4 b«— 10 4 
b-SrSKftU T Kl^^^ 10 5 cStff-?^ 1 
0 6c ^b^^MlCPiRAMl 0 4 c«~ 1 0 
50 4 cSrSaffib-O^o r<£>£5f-, ^-*^£r2^$t 



5 

gaWSr k^X *K #^^««£-t-Sia«RAM»c«:« 

Olbt, 7Ku^l05b, 105ci^^lS 
1r&m£}/<v7T 1012 b. 10 12c k^ 

^i06b, 106c MJt-ir& AJjs< ?/7rio 
14b, ioi4c^giWti(ftf>f, rttteij: 

[0 0 1 1 ] ##9§tt\ JbE^^fi^v^ftSfrfct 
<DX&K>, /<*~?*?<D\i 0 >m$:mto& s £Z>Ztte<, 

- 1 *s*t ^^xmxkWSi^wskir 

[0 0 12] 

8trE*R0V*** u—^Srffilflip-rs^^-e^^i:, fuE 

[0013] rrr% wib»— ^^f*. Sftfs^^^^^ 
[0014] fuEfg-^te. HtrE1S*<zv*** 

[0 0 15] ^ mf|B«»^^^ ^#>«rS:*j|ftSr 



(4) ^§gi|Z9-3 3 0 1 5 6 

6 

[0 0 16] f&E^<^«f-^ SR3aft<E>«F 

[0017] jfcftm<om&mmi** mm^^^i — 7 
ffimmm<o/<**u—y%Mm-fz>s<^*?k& 

Efg-^te. fuE^^^^t LTfeflOWEfi 
*Jxfc«fE^^u-^#^te«tti-5»-3tj»t, Su 
E/<^ ^*?&tp>l>k LT ;£{ffl KiBBB * H/ciuE^;* ^ 
^/#^Higt5l2»i, -*©«»*s«rE/< 

mm-^M^mm£frt^m~&j&k zmL,. Rommm 
-xm&xfmzm~xm$mms<x^x#*tp<bk lt 

20 B^^^i^^^tbT^o^. ffifESS— iiftE^ 

^^ric. BtrE»-S»i:tti»IS"tf««i-5»H3£l» 

^^fc, «TE»— S:j»ittiS!IiKTffilR-rs 
»B3^i»i:. -^Sgffl$dSi(fE^^^^*i^iK*H. 

m$mms<*'* k \^xm^nm^m^n 

X\s^Z>^k%¥?mkirZ> 0 
30 [0018] 

[0019] ^ft^lffi-efeSRfflS: 
[0020] ^njfijgfBoi^ws^^y i/^^A^, h 

1 (-^fJ: 9 «RiB©H»RAM4a«-4a 

(£JLT. TO»RAM4aHV^5) RfflRA 
M4 a^^-^^#^iA^gc^mb^^i-^7«^ 
40 ynyhp-7l at, T K • =i K • 2 n y & 

[0 0 2 1] H)^s/7 7 

12aH, P«R AM4 a (Off ii* ■ »*HiLifP 

M4 a^fii^jL^y — Kt*— ^*A*^^7r 1 4 a T? 

[0 0 2 2] ^^Maii, g|2(^-rJ:5J-. T 




7 

^fcgfsf SA^s/^r 4 2 a k, y - Kx— *£tH 
h^-r&o P»RAM4ali g{|U:Plii^n^ 

[0 0 2 31 T K • K.^py^«7^ hy* 

r l 2 a ^fetH^SixfcT' Ku^ =i-v^K, 7^fr 

— mmm?vy?is& : b. a ©a^i 

s<yyy 4 2 a ItA^tSfcft^t^-CfcSo T 

KV^ • ^ > K • • ^-f b*7*— 5 a 

Sl5 2a, 5 4 a l^ftlt j3 0, $i»5 2 a fcliff 
^#e^PMlRAM4 a« ( i = 1, 3, ■ • • n- 
1) ^LT5^5 4 a C(i«:«^MRAM4 
a.j (j = 2. 4, • • • n) PROBST** 

[0 0 2 4] y — Fy="^^^ 6 a f*, [^iRAM4a 
(D(ll^y77 4 4 a^e>m***tfey — Ky*— ^Sr> 
n — 7 1 a <DAt}s<y7r 14a MA^i"^ 
frtb<Dh<DT*&>& 0 y-Kf"^/^6at), 7K^ 

C »ttET^i6 1a^20^i6 2a, 6 4a 
(-5M£LT*5?K JH6 2aP^M@©p]iRAM 
4a« (i=l, 3, • • • n - 1 ) 2*, ^ Lt^ii 6 
4 a (:««#@«RAM4a» j (j=2, 4. * 
• • n) ^ W&«BIIH^&**>I66 6 a^ltgi^ 

6 4a <£>fi££B§4£b< LTt^ 0 
[0 0 2 5] T KV^ • K • #vty# • y>f 

— 5 a <Z);£j&5 2 a N 5 4 a fc*. 

-7 1 a t21*ti-5ll«RAM4 a <7>/^lJ£#|[iS 5 
2 a {£O^Ti*# 1 s #3. • • • # n - 1 CDliR, XtH 
5 4a|:oV^li#2, #4, • • • # n (DM) t Lt 
V^So y-Ff-^6a©»6 2a, 6 4 

afi, ^^ynybp^7la{^f§[i]iRAM4a 
0>J*?U4:PWIS K»6 2airoV^fi#n-l, #n- 
3, . . . # i COHIM^ 4 a l£Olva*# n, # n 

-2. • • • #2£»H) tLTV^o JbiELfc J; 5 
7* • K • ^ n s/^ • ff-^^ 5 a 

<Z>3&»5 2 a&t*30R5 4 a <£>fi£ £ri&&^ L < ~T S * 
(d N y - 6 a 2 a WJ»6 4 a 

cog££rff&^L< LTl^6<£>T\ £ <£> J; 5 J--r<5 r k f£ 
<fc0, ^ ^& y a > h P - 7 1 a Rfflffl R AM 4 a ffl^ 



(5) 4$gB^9 — 3 3 0 1 5 6 

8 

T Ki/^ • ^vyK - $ & y$ • y-f Ff^-^^^ 5 a 
tfV^fti:, ^y^yfn-7laWPI|RAM4 

RAM 4 a«—4 a ^Mo^TPfe^ L < &3 J: 5 

[0026] *n*^coi^w^;^^y v'^fATJt 

[PiaRAM4a(t ^*y3yhn-7la^t)7F^ 
* • PvyK - • y^T h-r — ^/<^5 a JbKffl 

10 — 7 1 a frhT Ku^ • K • ^ 13 • y-f 

^/<^5 a±i;:fflAStifc7K^, 

[0027] ^^-y^Vh^ — yl a&I^PfflR 

AM 4 a m<OT KU^ • ^vyp* ^ * 5/^ • 7^ t-T* 
-^/^5a^f ^^ijnyhp-7l a & 
|^|RAM4 a ffi^y- Kr- 6 a (D/<*£:k(D 

^TCD[S]SIRAM4 a»~4 aJ^O^TI^f 
L<*£J;5l--*~5£i:t-J:9. ^^ey^Vhn — ^1 
20 a coai^J^^^r 12a K^Rl^y — KSr^f^ 
vyK^tiiALT^fj, ^^y 3 yhD^7i a^A^I 

^^^yr^t^Kf ^T©|^lRAM4a 

[0 0 2 8] ££>|iL. T Kl/^ • 3^>-K- ^ny^ • 
hy*— 5 a&U?y — K^— ^<^6 a 
HI 1 l-^-TJ: 5 (-> 2 0<^Silft^ftUT. — 
3tlftt-#»#a^EI»!RAM4 a SrffiiKU flfcftW^lft 
MM^iiRAM4 a «ra«gUfcr<b{J:J:l9. ^ 
30 ^y — 7 1 aWI«RAM4 a BMtt57 

y — K^— 6 a coSft^^S£r, HI 2 3 {^i-^ 

tas-Tf^So rtttci:^. ^^ey nyFp-7i a<^)# 
MRAM4 a jcsti-s^^-y r^-t-x w-^vv'Srffi: 
jfii-rsr i:as-css 0 in 2 4^-r^M<omm^ 

-y^r^k^teV) , 2o©7F^-^vyK^ 
p^y^r • ?4 Fr-^^(^^JSt?.2o^ai^ 
y7rt, 2o(7)f-^/^C#^MtS 2oAA^ 
40 y7ri^ ^^&y =<^ho — 7(Ji6S:WS!^K3aS)S;v\ 

[0 0 2 9] R^, *»i©7 KU-^ • ^n-V K • 
[0 0 3 0] 03fi0l ici^-rr Fi/^ • pvvf • ^ 
50 [0 0 3 1] j^%W&1&<DT KV* • 



9 

Wit, eft^-^W^ — ^i:^ 

4 o~i o OQSSP-efcSo 
[0 0 3 2] *|QitogffiT?f*, a3XO!H4i^tj;5 
f;i. #^5 1 a t LT. 4#tt^>-t 0 "^V^Z s^40 
Q<DS.ms*# — y^fflV^tV^§ 0 HI 3 5 

a . 5 4 a SrSSfcffiR t^80Q ^SJgfei 

5 9a^LT7^yVt tiCgiLTl/^o 
0 3 751*0 5^-*- 6 a t LT. 
>^t 0 — ff^XZ s k^8 0 Q<DWt%ks<# — >"^r^V\ # 
6 a S:JSgL«RmdS4 0 Q^)igi5 8 a £r:fr 
LT#JEtSX"iB5 2a, 5 4al^«LW5, 
[0 0 3 3] &MMJ&1&<OT • ^^>- K • 

^n-/^ • b-T*— 5 a tf?5M£j&DT?<Z>fli$M* 

tt. Xi»5 2a, 54a Xt**iR5 6 a <Z>g&RjKT?«0« 
*5 J:^j»5 2a, 54a ^>«$C«Ftt 

[0 0 3 4] jfc1\ 5)'lftJSiD■T?©«^^*^4^^:ov^Ta^ 

[0 0 3 5] fc%ffif&M<OT KU-X • n^>-K ^Pjy 
^ • h7*— 5 a -Cf±, #j»5 1 a <t bT#t£ 

I52a, 54aat#tt>(yt-^Zm^8 0 

a^tt^fyt-^Zs^ 5§5 2a, 5 4 a CD 
^ y t°-y V ^ Z m/ 2 <{: 1 1 V ^ (^) T\ # 

v^fpM^ Si^-y^7yn\ &5v^*sag9*f 
iaotit »j»5 l aotffi^yt^y^z s 

5H5 2a. 5 4 a cr>^jf£Y >-t°— /y^Zm/2 h% 

#|&5 1 a t5>fe^D^corfl(-. 5«5 2 a. 
5 4a (O&lSM yt-^y^Zm/2 ^#^5 1 a <£>4# 

^yt-^z s ^©H^«51^fifi^»At 

[00 3 6] 3tBi 5 2a. 54a &tMfcift 56a 

[0 0 3 7] &MffimWi<D7 KW< • K • ^ ci 3/ 

^ • 7^ hf^^5 a*T?«, *^5 6 a t Lt, «f 



(6) WW 5 ? 9 - 3 3 0 1 5 6 

10 

ffi-f ?>XZ sk^8 0Q<Z5iajR/-?^ — ^Srffl 

V\ #*#|5 6 a ^lRm^4 0 QCDM&t&blS 8 
a^L«t«»5 2a, 5 4a(^UV^ 
£ 0 r^T\ »5 2a, 5 4a^tt^yt^y7; 
Zm^8 0Q7i<Z)T\ *l&5 6 a <D%f^4 yt°- 
Z s kft *^5 6 affi!ia>bJLfci % H^tt_h, 2 
0{^fttSM5 2a, 5 4a^^y^y^ 
Zm/2^ I^fiftS 8 a ©fiftf Rmi:©^ V 

10 T. ^Hlfcgffil-J:*^ *i»5 2a. 54a rt§5 

6 a k<DW:Wt&x<D^ ^v-y^^m&zm&z t&-v 

^ i ey3yhP-7la©Hi^y77l2a^ 
£>ffl;££tb, PMRAM4 a 7 4 4 a fcSJ 

itb^S^f^. A^/^7774 4arti5 6ai 

aS^S^SdS, **it^SB-Cfi, 2a. 5 4 a t 

*i|5 6 a i:<Z>ffitt^t?<^>f ^t:°— ^V^^^^m^tv 

20 5 6 aW^RAM4a©ES^s SK*»5 6a& 
tfSStfM»5 6 a Affile SitfcXIR 5 2 a, 5 4a^| 

744a ^A***tS«$[fs-g-^tS«^a|Sge€)^Jb#i- 
SO*BSJht"Sr ir*s-e§5 0 L/c^oT, Kt}'*y7 
T 4 4 a ^A*S*uS««ffi^©«ffifl|3t«FMS:ffiSI6-r 

[0 0 3 8] ^/c. S-^fifetS 8 a ^ <fc "9*^5 6 a ^ 
«EA-rs««E*Srfi«i-S::i:dStf#. rttfeij:^, ft 

30 m:teJ:mm<Dmmi>mM£tb, emc^^^i» 

5 8alt ^J^5 6 a <h LTffl V ^tu/*K^^^ — 
^4tlW^lRAM4 aOD*^*i:^KT?RC|Hl 
K^r«J*i~5o r<Z)RCiaBOI*ffi*tt. SufET 

Kl/^ • V Y • # xi • h^r — ps** 5 a _h 

co^_h^ 19 Ru?T^ s 9 K#Pfl cfc t) SV A*'* 

4 2 a (d, ^^!Jpyfn-7la©ai^^777l2 

40 ^(onMm^Kfi-th r £ a*-?* ^> 0 

[0 0 3 9] fti^. 52a. 54a ^>^^-e^S^ 

[0 0 4 0] ^M1fcM1&(DT • ^^yK • ^ n 

^ • hr-?^ 5 a J»5 2 a , 5 4 a CO 

SrSfcifGl Rt#80Q cO^ffiffifet 59a^l 
X7«{ W t t l«ltV^ 0 Ui^oT, 515 2 
a. 5 4a©#tt^yt°-y>7Zmi, MffifciS 9 
aCOjgfeiffiR t g:LTV>^COT% Jl52a, 5 

4 a ^^S#^T^-f vif— ^v^S^Srigsr t&T? 
50 ^, r^^J:^, 5i5 2a, 5 4 a ©»ffi^»J5SUfc 



11 

«««^RW«*#*B»gL 5 9a MRiK 
[00 4 1 ] *Hlf6Jgffioy — K-r— ^^<^6 a 

too4 2] H6«igi(c:^i-y — Kt*— ^^^<z>«b& 
j&kiel H7ttBi6cc>cia5te*:ia, H8^ig6<oDa5ji 

[00 4 3] *J|JS?gffi(7> y — Kt*— * 6ai 7 

il^ft, 4 0-1 0 0Qiftt*5^ **lfc?gffi-t?tt, 
0 6&t^ig7(c:^-r«fc 5^, »i»6 1 a t LT^y 
tf— ^V^Z u^5 0 Q<D&M'<& — ^ttjii 
6 2 a, 6 4 a i Ltt^y t'-^^Z r ^5 0 Q 
<Z>BEiJtl^*-^S:JBV\ #&6 1 a k#m&Ek<DmiZ. 

»*8«-* ^rffifeiffi Rk^50Q <D»*BJgtrL 6 9a^l 
T^yVttl^gLTI/^o «66a^ 

VtfflV\ 6 6 a&lfiSSHiSRrass 5Q^)M)fi 

IR6 8 a Sr^bTS*JESi-SSil66 2 a. 6 4a|cSgL 

[0044] #Cl^ x ^MlfcMM<D y — K-^—^y^ 6 a 
^6 2a, 64a Rlf^B 66a (Og!lR;{fc-e<0«Sa 
5M£j&E^<E>««l*H4. ^3Wi»6 2a, 6 4 

[0 0 4 5] jfc1\ 3^6 2 a, 6 4 a ^U^igl 6 6 a 

[004 6] ^mMMM<0 y — Kt*— 6 a T*te\ 
*^6 6 a t Lt, *HH±Y ^t°—^V^Z s r 2*8 0 G 
<£K*^* — ^S:JBV\ ##j»66a*SttfiRr^5 

5 Q^ffi6 8 a ^LT#lSt5^a6 2 a , 6 
4 a teg$6LT^5o J»62a, 64a©($ 
tt>(yt-/y^Z r tt5 0Q?£<DX\ *»6 6 a 
tt>fVt^y^Z s r te, *^6 6 a JLfc£# 

Sd^t±, 2o{:Mt«l6 2a, 6 4a <D& 
j&sOV—ffls^Z r/2 <*:, K^tSfct 6 8 a 
^Vlf^y^Z r/2+R r t-SbtV^ 0 Lfc^ 
oT, *iafi?gffi^J:tttf. 2 a, 6 4a 

6 6a i:<DSStt^-C<Z>-f ^tr-^^K^*iasr ir^s 
"C#* £*U£J:tK fflRAM4a©Hj^^7r4 4 

[0 0 4 7] S^Jgfei6 8 a fflRAM 

4 a ©WA^y77 4 4 a d»fc^i|ft6 6 a 4r4M^T3t*ft 
6 2 a, 6 4 a ^Itt^t»^|glSt^^ £j&5-C# 

-5 0 r;h^J;9, ^tt**saE<?!>*i!i^«J«JS^ EM 



(7) ^p3p9_3 3 0 1 5 6 

12 

[0 0 4 8] #ct£, ^lI$^ET-om^#t4t-oV^rg^P^ 

[0 0 4 9] #mMM1&<0 y — Kf"^^^ 6 a Xl±, 
#^6 lai U^V^^Zu^S 0 QOgS 
jR^-V"*. ^USH6 2a, 6 4 a t 

y t-yy^z r ^5 o Q©i£S/^-v^fflv^, 

6 1a i5>lft^Ei:«>ratCigfetffiRmr i&S2 5 Q<£>S^ 
JgffiSrffALTV^o Lfc^oT, #i»6 1 a <Z>*H4>T 
10 yt'-^Zu^ J|62a, 6 4a^^yt° 
-?Z/*Z r / 2 Xtf«£4gSfc 6 7 a^^yt'"^ 

<^^^tT— ^V-xSE'&SrigSr tdS"X?#Sc l^fflRAM 
4 a <Dmfis<v7T 4 4 a ^btil^J^tb, ^^yf 
a — ^ 1 a <DXl3'*y7T 14a Lfc«Sa<t # 

tt, A*^y77 14a i*i»6 1 a t C0^T\ #tt 

**J»gffi-cj*, ^®^ET^^>-t 0 -^v^^^igi 

20 »4S€5©S:«iSt5 r t ^T?^ 5 0 9 , A 

^77r 14 6 a RX*»m6 1 a 5>®^E 

tX\ M^^i^oiL^L, A^y7ri 
4 a ^Ayj**bS«ft«^©IBB36Sai«W^-b#-r5^ 
SrKJh-rsr idST?#5o LfctfSoT, A^^7ri 
4 a ^A*S*tS««Cft-g-^«ffi«^raS:«»-r*i: 

[0 0 5 0] MfijTL6 7 a ^J:!9«Jft6 1 a ^ 

30 tt*^:««Eo3d»^«jffiISix. EMC?^^S^il# 

6 7 a f #1^6 lai bTffl^ fcfrfcBBIft^ — ^(D 
JJ ^^Fo-7 1 aOA^i/77 1 

4 aO*^*i:©MT?RClHlKSrfl|^;t"So ^<£>RC 
4af£, PfflRAM4a©ffl^y774 4a^e>fflA 

40 4§-S:A;*7i-5£i:as-T?£So 

[0 0 5 1 ] ft, »tt^fcaE-&«»L«:»A*t-S«:fc9 
^, BBIfe^ — ^KW-^ctoT, #«6 1 a«tt^V 
t°-^>^Zu^ 516 2a, 6 4a^^Vt°- 

^Zr/2it-8Str, M^Etwyt 8 - 
^ m & i: 5 I- b T t> J: v \ 

[0 0 5 2] m?-. 62a, 64a (Dmi^XCOmU 

[0 0 5 3] *^ifejgfl|c^ y — K-r — 6 a -ete, 

Sl6 2a, 6 4 a(0»*S«-^Srigfetffl[Rk^5 0Q^) 
50 »*8ffiSt6 9 a ^U7^V t t (^itt^So 
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*m&%m&^k&x%, z.mzxy^ %B6 2 a ^ 6 
[0054] *»t^)^^^y^fA^itt 

[0 0 5 5] H9tt*3afcJg«B^»f^S:KW"*-S*:«>© 
^ >-?mX*fo& 0 H9^*3V^T. 9 1tt, IrIJJJRA 
M4 a (DAt»^<iy^7 4 2a ^fflffl^ a s^Sr^Jfti 

M4 a (7>£fcJ;^;y7 7 4 4 a ^fcffl^lSttS U — K^— 
[0 0 5 6] H9i^i-Mt?tt. ^RAM4aOA^ 

V^£ 0 — ^ H|8RAM4aOfflA^y774 4alt 

KJ}'<y?T 4 2 a^y-K^vyK^flUA 3 
iM^i^fcy — Kx— *&W*lt^5 0 
[HiRAM4a^ y - KS*^»f^^ie L*V^ 5 

[0057] ^nmmmtm 9 i-^-r y - ks^st^o 

[0 0 5 8] glOli, HI 9 (d^i-y — KS**tTo*: 

#-&©#f4H"c^y - Kis#xt*y - K^-^<z>e*«t 
i^titfc^o mi om^i^t. 9 3»y — KS* 

©e«tt^&^LT*5 9. Hilfett^^ey =a>-hi3 — 71 

R AM 4 a «i N 4 a A*^ iX 7 7 4 2 a T^fiJRS 
ff^ ^lT2^«ftttH«|RAM4a fc -u 4 a A 
^/^7 77 4 2 a WfiK^LT^S, 9 4liJ 
-K^-^^ejRSESJSr^bTtJ*?. lj{£«i»ttrafflR 
AM 4 a m> 4 a«2©ffl^'777 4 4 a ^bffiAStl 
!/ - Kf-^ ©SRlilA^ y 7 7 4 4 a T*<DBM& 
2 / giIfi|^iRAM4a« D - 1 , 4a fc ©Ul^sy 
7744a ^5>a***Lfcy — Kr- ?<D^&M£ls<y 
774 4 a T?<Z>e«tt7g&^LT^<5o 95^*!)3 
^ Fn-7 1 a ©A^'7 7 7 14a t^Atl&tltlV — 

M4a„, 4 a«^e>a*stufey - K-r— ^<^e*«t 



(8) ¥fM¥> 9-330156 
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2 ( fi«OTRAM4a^ 4 a ^ £> fcB^ £ 

titz-v- k^-^^m^^uti^o ^ 010 

[0 0 5 9] ^yayhP-7la©Hi^5'77l 

2 a ^bffl^SixS y - KS*^SefiW*^^7r 1 

2 aOWyt-/^«»fi5 9 a t^#J)g 

T KW* • =»"W K • ^ n 3/^ • 9W ^/-<7 5 a 

±<Di\LmfcfrfrfrbTm— *T?&5o ft. T • = 

10 vy K • ^ n • 5>f hr-^^ 5 a £r7#j$-r6BB 

4 a <DAJj'< y7742a l^PJii Lfc y - KK* Bl 
10©93 J: 5 i-, SKA*^ ^ 7 7 4 2 a ^t>* 

#»5 6 a0^gf«^ffi5 8 a RCIU 

PiRAM4a« B - K 4a^AA/^7774 2 ai:i 
St5y-KS*ll BlO©9 3l^tJ:5^ 7K 
1/7, • =a-w K • ^ n 5/^ . hf-^^ 5 a _b"C 
20 0O^^iilMt-cJ:>9, HRAM4 1a, u 4 a^plJig 

[0 0 6 0] [^lRAM4a^ y — Kt= — ^2:^y 
il 0^94{^fJ:5l-^ PiRAM4a w , 4 a 

h ©BA^y77 4 4 a^tWAStuSy — K-r— ^ 

tt\ ^«RAM4 1a H , 4a^tt]^/^7774 4a 

30 [0 0 6 1] ^y=yhP-7la©A^S'77l 
4 a {2lA*S^Sy — Kt*— ^^fi(BJ*> IEI10CO9 5 
{£^f-J: 9 f05SlRAM4 a ©W^-777 4 4 a CO 

&l6 9 a k<DftmmKm-^frmzfhz> 0 y- 

Kf-^/U6a-Cli, ^ y = V b 9 1 a ^*tf 
5l^fflRAM4 a C9{&MM#^T Kl/7 • ^^r> K • ^ 

* i a <DKjl'<y7T 14a {^SJjSi" 

s^pjUM^ey 4 a^fccoy — Kf*— mio<D9 
40 5t^-rj:5(-. s&Rff#fflt-PJjti~^o 7<^y^ 

V 1 a <DAf)'<y7T 14a MplJii L^C y — K 

A^iy77l4aRtJ*j|6 1a©S48 

[0 0 6 2] ^HJfi^lB-cJi, Bio tc^t* £ 5 i-s T 

Kl/7 •n^VK-^n^.^ ^/^7 5 a £ 

fi#i-SfS-g-<Z>fi*Btt, HHRAM4aOA^!/77 
4 2a CQI^gp^ V ^V^&t^SlE'&JgSt 58a COfP 
ts «fift5 9 a i©»«Rl»»tJtteav^3eS^5 0 

50 — y — K-7="^^7 6 a &fcmir&iS f§r<Offl$l*. 



15 

P11RAM4 a <Dfo?)s<yyy 4 4a (£>f*gg|K Vt^^ 

J*;aSS3#ffi£fc5 <t 5 i-. I^fift5 8a, 68aO 
«&W«»tt5 9a, 6 9a©«S:RSt6ifcfcJ; 
9 * T • =^>- F • # n s/^ • y ^ y"f—$/<^ 

[0 0 6 3] ffiU H^SItl 58a. 68a (Dfit&tm 
#8JgJn5 9a, 69a <E>ffi«\ T F^* • K • ^ 

a • hf"^^^ 5 a XWy — Kt*— 6 

£ X 5 t-, S^ffififc 5 8a, 68a COffift V»«BStft 5 
9a, 6 9a ©ffi&K^t" 5 _hlEIfi$|/^~ 

£o S^ffita:58a, 6 8a^l3*ll^* 

SJ:5i^ *»56a, 6 6 a — V 

»tt v — ^ v x £r * x. 6 <D # J: v \ 
[0 0 6 4] *|llfe^ffi©Bffl^^y V^^a 

:6S|ISS*t^JBiJ|Hll»S«^ov^riaS*#flBUTRM 

[0065] in 1 1 \ttnmwm<omi8&z* ^y^r 

[0 0 6 6] [HI 1 i^i~^^ey 7 41?%— K7at 

te, /^y ^^hcz— 9 1 a tf3ifi:fefcgatt£jh/r^5 0 

^Lt, ffftt@©H)»RAM4a«-4a„i, ffiifc 
tl©BfflRAM4a B ~4a«t^ ^li^Vfn 

AM4 a dS«BBP»t?ifiB**vTV^S 0 #»RA 

K7 a(DS#*fS]C0^a5iC^ltT^IJ^#|lH («PK»g 
©PliRAM4 a TrfS, # 1 , # 3 • • • # 7 GQH1I, f$ 
W@^>^RAM4 a Tte. # 2 , # 4 • • • # 8 <D 
HI) i:fc5J:5fc. BB«£;ft/rv^ 0 

[0 0 6 7] K7 a t^*, #JIJ6^« 

Sfc&Oallft::^*^ h^j/ K7 1 ^J&£*bT^£ 0 
S^y^^h^o,K7 1lt 7^1^— F7 a«Mf« 

[0 0 6 8] ;*^-y F7 a 7K^« 

ra-^v K • ^ p • hr^^^ 5 a 

satft^— ^t, y- kt*-*^ e a sr«fig;-rsiBitft 

[0 0 6 9] 7KU7«3v^K'^PS'^'7^hf 
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— 5 a <^)*j»5 1 a Sr*fi£f5BEi»^* — Vf*. 
— Sa^M^y =* >- h n — 7 1 a(OU^s/^r 1 2 alZL 
mmZtl, (feS^^yayhn^SaOEftf/K 

• ^vyK' ^ a s/^ • 5>f h^^^^ 5 a <Z>5 
I52a x 5 4a{^i^TV^ 0 515 2a, 5 4 
a #*§15 1 a Cfti^^C^^U n> hD-y 1 a 
OiEe^&^^E-y 7^ff^-K7a ©g^|p](©«»ffl^ 
fittTJStf-rv^o 51^5 2 a £#j&1-£SB*ft^-v 
«R#|©0«RAM4 a«-4 a^A^y 
10 7/4 2 a^#*I^SR5 8 a£^LTS^£tb, 5 

RAM4 aM2 ~4 a w <DA£}s<v7T 4 2a a^g-^E^ 
JgJ7i5 8 a £^bTS^£tuT^£ 0 CI^l^J; 9 , Hi 
ll^i-J:5t^ M5 2a, 5 4 a Kg&RSiT/S I^JW 
R AM 4 a CO^^y V hP-7 1 a 
#(H (5*1 5 2 a fc/O^Tte# 1 , # 3, ■ • • # 7 (O 
NI, 5*15 4 a MoV^O** 2, # 4, • • • # S <D 
KB) J; 5l-bTV^£ 0 ft, M5 2a, 5 4 a 05 

JMBfclfc:. ^Yf 1 ^- K7 aCOg^lp]^* 

20 fflSM*5V^ »«8SSt5 9 a ^»«5S*bS 0 

[0 0 7 0] y-Kr^/^6a^l6 1a^ 

A^'7 77l4a|^i$tl, M^M^y^>hn 

— 9 5 a (Di&mx-m^i&tfie 7 a Sr^Lty^ Ft*— * 
^6a©Jj»6 2a, 6 4a(^^tlTV^ 0 5*1 

6 2 a, 6 4afi, #i»6 1 a HiftSh^^y 3^ 
ho-7 1 a<DJE#a>£>p*^y 7>f f*^ — F7 a(^S^ 

^y ^VFn- y 1 a^ftttTMO^TV^ 5^6 2 a 

7 aOS^i^oiBas^^ttroSfB^ic:^ 

[|fflRAM4 a 4 a«©m^-7 7 7 4 4a 
MfiS:6 8aHtTgI^iXTV^^ ^/i, 5^6 

4 a *«j«^5Ba*^^— ^©<*ig^e>^^y ^-f ^ 

— f 7 a ^s^f^^^t-^^r coas^^^, 

B PRIBRAM 4 a «^4 a^ffl^-/7 7 4 4 a £S 

#^I^ffi6 8 a ^LtSi^titv^o rttt-J: 

^ ill t-^-T <£ 5 51^6 2a, 64a ^glJBc* 
tl5f^lRAM4 aO^]j3yhp^7la ^>C^i-^> 
40 j^yiJ^S, j^WH (5^6 2 a (C0V^r^i# 7, #5, • • 

• # 1C0HIS, 5^6 4 a lCO^Ttt# 8, # 6, • • • 

# 2 <7>JW) irftSJ: 5 (-bTV^^ 0 f^, Si62a, 6 
4a«M, ^^^ynyFP-7la^I§(I 

*5^T, Hiffi}gfei6 9 aasgassaxSo 
[0 0 7 1] ^(d, ^^-y if^— F7 a ^^:ov^Tf¥ 

[0 0 7 2] ^^y7>ff^^K7a»l rtftiJt^figS 
50 S^5*?. «agSXf*^?vFJi{J:iSv^J^#« 
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T\ F^S<tV^5) <D$f&4>t 0 — ?>Xtt4 0 — 5 0 Q 
Htf«t?S>9, »vMBI<D«-!§-Ji OUT, ^JlirV^) 0>«r 

— ^^-XO^-i-JiSrfi-i-S©^ r<7>2o<zMf-^/I&ril 
[0 0 7 3] mi 1 ^irmx^ ^§5 lai LT^ 

tt-r >-t°-^y^ 4 o Q^>«j£^rtSBajtt^^— vtffl 

V\ 5^5 2a, 5 4 a £ LT#tt^f V'lf— ^V-X 8 0 

^ n • h^-^^ 5 a £:7f^jc L"CV^£> 0 * 
/c, ^6 1 a. 2 a, 6 4 a £ LT^Vt 0 

-yy^ 5 o Qortigfii/^^-y^fflv^•r, y — Kr 

;*6ate, B11W, l*<OjR-e^LT^5;&s, Hlffi 

^<5o ^LT, S^ffifeiCS 8a, 67a, 68 a 
»K5 9a, 69alt #{f ^Sf-i^ ^tbTl^ 
So g 1 1 l^t^ * y 7^ f K 7 a T*«, 

H 1 2 5 JI-Kr-^6a^»#3y 

[0 0 7 4] *mfe^^f^^/ y v^T^^^i 
Sfrfc^y F£ LTf*. gli 3(^tJ:5 

[oo7 5] m^-, ^m<Dm~m^m\^^^xmm 

[0 0 7 6] 01 4tt*3SW(7?»z:*16?gffi-e&5lRl»l 

y v-^-r A^stuftfliricia, in i 5 tea i 4 (^-r 
[0077] ^Sii^M^^y^r^it m 

1 4{^t<fc5l-x (Bftfl©V^Pt^DRAM4b 
«-4b, (JKT, ¥f-RJWRAM4 b <b t>V^5) <t, 

ffll^Sl»«^^y^yFP-7lb^ 7F>^' 
avyK^Py^^Sbi, y — ^ • h 

[0 0 7 8] y=iyhP-7l bli, v-V^u-^ 
DRAM 4 b<D#£j&^ • m^tttl^W)i¥&Mffl-tZ>ti#> 

77l2bHBAt5o yy^nt^DRAM 
4 b 5^ h?*~*Xtjqf3JH/H^ * tfcJ 
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DRAM4 btfSfcti^Lfcy — Kr-^^A^5/7 7 1 
4 b T^ft^o 

[0 0 7 9] yy^nt^DRAM4b^ H 1 5 td^ 
7K^, ^vFfttW^fflJH^ns^&S 
fit5A^7r4 2bi, 7^bf^WPW 
^ n 5/ ^ SSfit 5 AA^ y 7 r 4 2 c i: , y — Ft*— 

#&mj3'tz>mj3s<y7 r 4 4 b t. h^l-cv^v> 

10 ^^-ygPir, £r^i-£ 0 yy^t^DRAM4bft 
T KV^ • K • ^ n y?/<* 5 b_h<Oi^»iffl^ n 

yfimmt LT7 Ku^y-Ka^yK*?^ 
t5c ^ Lt7 b&7 Ki/^»rJ«y - K = vy Kl^ 

t£v\ mmr Kw^^y-K^-^^gc^WLTtti^^ 

^7744b^^fflM^o TFl^-^VF 
. bi^»P>7^»at7 
Fy^7^ b^vy Klr7^Wo ^Lt7^f 
tfc7 Ky^^-f h ^> F^t£l/\ y - Ft*—* 

20 T7yfU7>f fr^«:, ^i7Ky^(^f§jA 
tp 0 rcOVy^nf^DRAM4bli v 
*l/C^5v'>'^ Pt^DRAM^iTfeSo 
[0 0 8 0] T FW* • =a-rvK • b 

te, y = y hn-7 1 b©WA/^77 1 2 bjj^ 

AM 4 b(DAJj/<iy7T 4 2 b \CA£}1r&tz.tf>(D h<DX* 
feS 0 7Kv^* ^vyK'^P5/^^5b 

HI 4{^-r«fc5i-, »tt^F-e»jR5 1bdS2o 
^I5 2b, 5 4b^ML«'9, Jj|5 2bM 
30 Jf»#B©^nf7DRAM4b« (i=l. 3, 

• • -n-1) i>K ^LTM5 4b^«SlO^ 
y^ p^DRAM4 b Bj (j=2, 4, • • • n) 

tt«MW-e#**M65 6 b&:frbTS8R£;h/^ 
S 0 r^j: 5tc-rs^<bT% 5i5 2bMM5 4b 

[0 0 8 1] y — Ft*— * • T-f bT*— 6 b te, 

^|)nyhn-7l a©tfi^';7 7 1 2 c^fetH^J 
SjxfcT Fl^&TJ^-^y F£r, yy^ot^DRAM 
4 b ©A^if77 4 2 c tAAtS v-V^ t=* 

40 t^DRAM4 h<D\titts<y7T 4 4 b^feW^jStb^ 
y — Ft*— ^^r^^y =>yfp-7 1 bOA^<s/77 
14b fcA*1-§fcfc^fctf>-e&£o y — Kf"^ • 9 
bf^^^ 6bt), 7 Fl/^ • ^"^V F • ^ a y ^ 
/^5b<bii^ MfiGT^l6 1b^2o^i 
6 2 b, 6 4 b i^ttltfc^ X«6 2 b tli$»f 
|©yy^at^DRAM4b,i ( i = 1 , 3, • • • 
n-1) 355, ^LrSH6 4 blUfifflftSl^^P 
t^DRAM4 b sj ( j =2, 4, • • * n) |5&^ 
MBBr*#^*j»6 6 b^r^UT^^tbTV^o rcoj: 

50 pdl-Sr £T\ Si6 2bS^i6 4b©ft$W 
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[0 0 8 2] T • ^-vy K ■ ^ n 5b© 

6^pf^DRAM4 bC9^"J^#Hi ($§5 2b 
i^O^Tte* 1,#3 N • • • # n - 1 CDJlg N 3£|&5 4 
b fcoVvrf*# 2, #4, - • -#n<£>JIE) t LTV^ 
£o — y — * • ^ b^— 6 b(D^ 

6 2b. 6 4bfi, ^^!JnyfP-7lbWt5^ 
y^nt7DRAM4b Si6 2b}:o 

V^T^# n - 1. # n - 3, * • • # 1 <K>m. 4 
bfcol^Tte#n, #n-2, • • • # 2 (DM) t LT 
v^£ 0 ±i£L/cJ; 5 T • K • ^ p y$ 

s<X 5 b©$»5 2 bXtf3&»5 4 bCD;ft££IS&l?L< 
-TSi**-. y-Kf^'7^hf-^6b^ 
^6 2 bXt«&»6 4 b©gS*B«L< LTV^SO 

bWi/V^Pt^DRAM4 bfslOT Kl^ - ^^?Z/ 

K-^P^^/^SbO^ft^ 

1 b^>y^nt^DRAM4 hm<DV~ Kt*— ^ • 

^ Pt^DRAM4 b«~4 b sJ^Ol^TR^ L < 

[0 0 8 3] t^Mi^HJBS^^ !) v^r a 
i/y^pt^DRAM4bit T^y^ybn — 7 lb 
j&>£>7 KV^ • ^-^>- K • 9 n 5 b±\z.tti£}& 

t 5 -^^ 6 b jb^m*5*tfci^«ffl^ n yf&mmt 

bt, ^^y ^yhp-7i a^^y-Fr-^ • 7^ 
h-r-^y^ 6 b_h^m^f^^^>r b^-^^T^^ 

t5o £*ufcJ:tK 7^ Fr-^©«S^LT 

[0084] ^y^yfp-^i bRO^y^ 

pt^DRAM4 bffl(DT Klx^ ovyK'^ix^ 
5 bco^-<^Si: N ^^y^yhP^7ibW^y 
^Pt^DRAM4 bP^t^y — Kt*— 9 • y-Y hf^^ 

AM 4 b fll — 4 b*f;LOV^TnMPb< #3<fc 5 CLTV> 

712 bdST Kl/^Wy-K^t^vy K«ri±J*L- 
Tj&>£>, ^^y ^y^p-7 l bcDA^7^^^^r 14b 

XWrV^s ^TOi/y^nt^DRAM4b«- 
4 b JCOV ^TBg— ^Mi^ £ t ifi^g £ 0 
[0 0 8 5] TFl/^'^vyF^ny^^ 
* 5 b&l^y — ^ • br^^/^ 6 b#^ 

*r, [HI 4l^t«fc5l^ 2O0ji^Mlts -7j 
©$ft^»i^>y^Pt^DRAM4 b Srffififc 

U l^$iW»I^^^Dt^DRAM4b 
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>^ Pt^DRAM4 bFflt^jotj-^T Ft^ • n^y K 
•^P7^^5b, y — Ky*— ^ • 7^ b^— 

CJ;^ ^^y3yfP-7lb(Z)^>^Pt^DR 
AM 4 b \nttlTZ> ^yr^ir-XWf 7^ v'SffiSSi" s 

^y"A^H^I9 % 2OC0T Ky^ • Fv-^f-^S-^ 
ttl&T £ 2 0(7>ffl^ ^/7r^ 2 o<£> y — Ft^-^ • 
10 Ft*— ^^^{c:#>«r*tiS't-S2o©A^iy7r& 

<D%&5<*^t&X%^ Sfc. t< y ^ ^ b c* — ^<Z> \f> 
[0 0 8 6] Sfefc:, *Hlfi?gffit?J*, PJH^y^L 

-ess. 

[0 0 8 7] #cM % *Slll£?gJB©r KW* • k • 

20 ^ n 5 b^t/y — K-r — ^ • by" — 

[0 0 8 8] HI 6»H1 4i^~rr hV7 • ^>F 

^^co«n&»ricig. 0i7 nm i 4 i^-r y — k^— ^ 
[oo8 9] hi 6K^-r^mMmm<DT • ^-^ 

yK-^n^/^5b £>«f£tf\ H 3 i^t-fg-|£*£ 
lbtir, vt°— yy^z s^4 o aooia^^ 

30 ^ — V^fflV^rv^^ 0 $l5 2b, 5 4 bib 

#^yt°^>^Zm^8 0Q©IES/^-y?: 
fflV^. M5 2b N 5 4 bCO^C#^^rSfeiffiR t ^8 
0 £iOHaSR5 9 b Sr^Lt7^ >V t t (.iiLT 

*?>t^ *iS5 6biLT N #tt>T Vt'- 
Zsk^8 0Q^§/^-y^l\ &«5 6b?r 
ffitriffiRm^4 0 QC0S^J£fei5 8 b UT*f/Si~<5 
J»5 2b, 5 4b|cgj|LTV^6o 
[0 0 9 0] r<7)£ vi-1-£-<bT% ^— *S6?BJB^T 
Kl/^ • n W K • ^n^^ • y^f b 7^^- ^ 5 a ^ 

<^>f >-t:°— ^^SE^SrHS^tdS-e*. ^^y^>b 

Xi — =7 1 bOlli^^77 1 2 b^e>tt|**tbfc«^ 

r^^So 5i5 2b, 54bt*i56b 

t <om ffiik X+(D 4 is ¥ - ¥ is * m& & H S r i ^ . 
rtbi-j:^, «5 6 b MVy^ nt^DRAM4 b 

<D»&k. SK**5 6 barjfStt*|*5 6 b^««S 

nfcS:^5 2b, 54 b^^<^T\ KWft^SSSt^ 
j»9iSL»^U AA^y77 4 4 bia*Sft6ta 
50 «^!B«S:aieW^±#S^i:T. ^nf^DRA 
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^ »5 2b > 5 4 b <z>ji»*b#* ^<zm 

S^S:ia5^i:dSt?t, rtii^J;^ S»5 2b, 54 
b©»«*cSJ»Ufc«««^R««Srl»«S«L5 9 b 

i o o 9 1 ] hi 7 i^-r^mMMmco y - v?—* • 

9>f Y"r — ?s<* 6 b©«j£;ttu (21 6 i^-^— 

u^50Q^>IS^^-^, ^LTS»6 2b, 64 
b t LT^ytW>^Z r^5 OQ<D&M/<& — 
#116 1 b ^M^G^^tlSttllRmr 
^2 5 Q<OS-&}gfei6 7 b&if AbTV^£ 0 S&l 
62b, 6 4 b tOM#>!r ^(gftf(R k ^ 5 0 a<^)« 
fggi6 9 b ^U7^f >V t t MLTV^ 0 &h 
fc, *j»6 6 b .It bT, «Pt*-f >-tf— <?>-XZ sr^8 
OQOB2«6^ — ^SrJBt/\ #«66b«fRr 
#5 5 Qc0^^jjL6 8 b^LTMtS5l6 2 
b, 64 bMg&RbTl^So 

5i6 2b, 64b«l6 6b^gg^ 
9. v^y^Pt^DRAM4 b^ffl^/^777 4 4 b^ 

yt^y^i^m^ri^T^, rtu^£ 9 . A>^ 

^if77 1 4 bMSt6 1 bcoS^t. ^H£,£E£ 

^^ey^y f> n — 7 i b*»t&f^*^S©4rB&Jh-t*S- 
i^T?#S 0 Sfei^ S»62b % 64b^)W^t 

M6 2b, 6 4 b©»Sg^PJ^L.fe«M«-^R»«t 
*»«BJfifit6 9 b{cKiR*^Siii:^-e^5 0 
[0 0 9 3] *||J6®llB<Z>P«^^y^'rAS:»f^ 

[00 9 4] 818 tt*SIJIfi?gffi<7?i!if^S:BiW-f"Sfc«e) 
V^nt^DRAM4 bCOA^J^^^^T 4 2 b^^ 

1~£T K^W^^yK^flf ^-r ^>^«:^b-^ 

6 0 Sfc. 18 2^ ^Pt^DRAM4b^ 
^j/77 4 2 c^7 2,^-5^ ^<E>^f=^ ^ 

>^ *5J:tfv'^ot^DRAM4b©Hl^S'77 

4 4 b^fea^stts y - Y7 s —&<omji#'( % 

^bT^£ 0 

[0 0 9 5] m 1 8 ^Pt^DRA 
M4 b©A*^y77 4 2 bfl T K^W7^< h =" 
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^RlfV — K ^ > y — K3S#«:SfSbTV^ 

£ 0 — ^Pf7DRAM4b(DA^5'774 
2c^ N Xt)'*y7T 4 2 b -£0>7>f h KCOS-fS 

fc>*>, ^Pt^DRAM4aft 7^ 

Vy^Pt^DRAM4 b^tU^'777 4 4 bfl A 

7 7 4 2 b ^ jj - v y K^rglf btf, 3-y- 
-f^/Mtl-y — Kr- ^SrttJ^bTl^So ->>^C2 
10 t^DRAM4att, ttttTSfS Lfc y — Kg#*;*^ 
!)9©f-^^s'7 7T*-l$fti:I^ ;*■=£■ y ir/i^tt 

[0 0 9 6] *^lfi?K«B^ig i s {c^i-y - Kgjft&fi 1 

[0 0 9 7] 118 y — KE#£fTo 

ft^*^tia^fc5o 01 9t-*5^"C. 193fiy — K 
S*^G«jft?K*^bT*3<9, H^^ynyhp- 
20 7 lb <DtoJls< iy7 7 12b 1 jKgtRW: 

i/y^Pt7DRAM4b B , 4b«OA*^5/77 4 
2bWeiW, ^LT2 < giili^Pt7DR 
AM 4 b « B -u 4 b fc ©AA^ 3/ 7 r 4 2 b "C<Z>e«iffi 
M^tTV^5o 1 9 4f*y — Kt*— ? <Dtem$ite&?F 
LT*d^ lfi«fitt^Pt^DRAM4b„, 4 
b«©ffl*^y77 4 4 b^?>m***tfcy — K-r — ^ 
©3»ttlA^y774 4bWej|ft», 2^«^^v- 
y^nt^DRAM4b te -K 4b fc ©ffl*/<s/77 4 

4 b^t>W*Sjifcy-K7 f -^©aRHi*^s'7r4 
30 4bweijKM/Ttri/^o 1 9 5tep*^ey =3^h 
a — 9 1 b^A^^77 1 4 bfcA^SJxfcy — Kt* 

-^^e^^^br*5«9. iM^m*^?**}-* 

D RAM 4 b « N 4 b £ flit V — Kf^ ^ CO 

e«HK«^ 2Mi^>y^nt7DRAM4b,. K 

4 b^^^m^^ti/t y — Kf-^^eis^^LT 

(Hi 9 ^^oV^Tllt$i^H#W^r^ bTV^-So 
[0 0 9 8] ^^y3yhP-7ib©UA^iy77l 
2 b^ta^SitSy — KS*©fiBl4fflA^S'7 7 1 
2 b(^rtffl>f ^V^i:»«ffitt5 9 b k<D#mt& 

40 RltiiiottSSo r<E>fc#>. y — KS*<7?fi*B^ 
T Kl/^ • pvy K • ^ ci 3/^^^ 5 b±(Dffig^^i>^^ 
^t>TBS— ^r*fc-5o i/y^Pf7DRAM4b^)A* 
/^y77 4 2 b ieiPJJSbfcy — FS*li, 19 1 9 <£> 1 9 
3td*fJ:5^^ SRA^y77 4 2b2W*»5 6 
b<^**W*i«-&ja»L5 8 b/5^%5RClHlSS^ 

t^DRAM4 b ita-K 4a h ©A^y77 4 2b|: 

pjjt-r 5 y - KK#tf\ m 1 9 <o 1 9 3 5 1-. 

50 yy^t^DRAM4 1b, K 4 b«(^pJii 



23 

[0 0 9 9] ^Pt^DRAM4bfi, ^D^V 

f:^ot, Hl9(7)19 4tetJ:5^ 

D R AM 4 b 8n-i N 4b»©ffl^S'7r4 4b^e)ttI 

b„u 4b«©ffi^s/7r4 4b^e>ai*s*i5y- 

[oioo] ^^y^yhP-^ibtoA^y^ri 

4 b^A^SixSy — K-r — 9<OWmv*. 1119(7)19 
5^^-r<fc5(-, ^nt7DRAM4b©B^j/ 
7744 b<£>F*3g|K ^V^&t^S^Jg^ 6 8 b CO 

fpi:. J*«^6 9 bto^WffittJt^ttv^ttSix 

So y-Kf^*7^F7^^6bT1t 
^^ey l bttt^^Pt^DRAM 

4 b OffittBiflRdST KM • ^vy K • ^ n 7^^;* 5 

bo»^iiS?tei--5<©"e. ^^y^yhp-7i b <da 

^-;77 1 4 bir.aJti"S#-»'^ Pf^DRAM4 
hfrh<oy — K-r — Bl9©19 5^i"J:5 

b©A^y77 1 4 bfcSJaLfcy — Kr- A 
ii^yvr l 4 b&tMft»6 l b©^ti^, g^Jg 

[oioi] *HJ6«IB^|gi sfc^-r^ t>^*£rf? 

o/c^. 7^ hn^&^7^ hx— ^^e*«t^f*ia 

[0102] 020 i*. Ell S^Tjk-ry^ bS**tro 

s*^fi*ft«S:^Lr*5t), m§u£;^y bp- 

7lb <^W*^ y77l 2 b r©e*«t^, 1 
^Pt^DRAM4b su 4b fl2 C0A^'777 4 
2 b -e<Z>e*jK7g % ^U2iii»fi^P^DR 
AM 4 b Sn - K 4 b »^AA^ '77742b -C^fiJRiK 
M/TtTV^^o 2 0 2J*7>f hf- 9<0&SBi16M^ 
bT:*3 9, M^^^y => V h n — ^ 1 b©ffl*^s'7 
7l2ct©6W, lMiii^^Pt^DRA 
M4 b WN 4 b » 2 <DAt}s< 7774 2 c "C^eSfe^?^, 
2«tt^Pt^DRAM4b^ 4b tftl <DA 
5/ 7 7 4 2 c T^£M?f5^/T LTV ^ 0 $.0 2 

[0103] ^y^yhP-71 b<Dm£}/<v7T 1 

2 b^e>a*stt57>r h5f*ofi«f*a*^^^r 1 

2 b<7?rt«B>r ^Mir»*JSfiC5 9 b t<D^m 

KJtiaoT^^o y — KK#£>S««\ 

7 KM • n-^^ K • ^ n 7^^ 5 b ±<D{iLWl\Zfrfr 
t>bi*ti&— 7£X*hZ> Q ^^dt7DRAM4b^ 
^777 4 2 b i£PIitb*:7>f 02OC92O 
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1 t£7j^t~J: 5 MSfiEA*^ 7 7 7 4 2 b &tWJJj» 5 6 
bO#£^fi 5 8 b^b^5RC0K(Z)0$^ 

t^DRAM4b M> 4a Bn ^)A^7774 2 b[I 
eJ3ii-S7-f i2 0<D19 3(^fj:5^ 

T KM • K • 9 a 7^'^ 5 b±T*<7)fe«lji 

J: *9 . v , y^nf^DRAM4 1 b« u 4 b«tc^lj^ 

[0104] ^^ynyhp-7 1 b(Z)|lj^^777l 
10 2ci&>P>tti^£*K i/y^t7DRAM4b^A^ 
y7r4 2 c|cAAStL57^ hf-^^fiBli, 02 

002 0 2(d^f<J;5^ ^y^Pt^DRAM4biO 
(f}^^77 4 4 b<£>rtffl5>f ^fcT— ^MXt«£&ffi8t 
68b^t, ^Sffijfte 9 b t^^WfitSJti^V^ 
SS^^-So ^nt^DRAM4b©A^7774 
2 c l£SrJjgLrt:7>r Fr-^t H2 0O2 0 2^f 
£51-, SfiEA*^^77 4 2 cX^*j»6 6 b^St 
^3;<blEimfci6 8 b^5>ftSRC(UK«>l*5efRtc:fieo 

20 AM 4 b«i x 4 b«(?)A^7 7 7 4 2 c f^Ji^S 7 

hr-^fl 0 2 oco2 o l i^-Tcfc 5i-> V — Kt* 
— * * 7>r h^-^;* 6 bjb Twe»iij£i;i <fc 9, v- 

^Pt^DRAM4b«, 4 b fc |i:aat5 7>r h 

[0105] *Hlfc^llBt?Ji. 019 RU?0 2 0 t^1~ 
i:5t-, T Km • ^P7^-*5 bSrfift 

"f fift^^S*!^ V^Pt7DRAM4b^A^ 
77r4 2 bCDP^gP-T ^t 0 — ^M&tffi^JStftS 8 b 

30 §0-*. y - Kr-^ • 7-r kt*-*^;* 6 b 

^Zm^CDM^te, V^Pt^DRAM4b^Hi^ 
77 7 44 b<£>F*9gP-r Vt°- ^M&TJ*»&J6£l 6 8 b 
(Dftt, Kttf&Ke 9 b i:cD^#JSfetit(^V^^$^ 

M^Jgfci 5 8 b N 6 8b <^tt&t^»«gffifit 59b. 
6 9 b<£MiS«rK^i"-5£ tld<fc "9, 7KM-nv>K 
• 5,^75 b&U*y — Ky*— * • 7-f ^ 
76b RUtr, S^^>^7^ y^ 7x-^«|:^W 

fc«#»tt«r#5£i:2S-CS5o T KM • 

40 ^^yKflf^r, «0^-U-77KLV-TTL 
T^i^tl/d8ftfit-»'^Pt^DRAM4 bcoA 
7 7 4 2 b ia*t § - «b ^T^, Sfc, y — K 
7*— £Mf-*§-£r. i/^Pt7DRAM(7) (*) E I A/ 
J EDECTOMM^S STL(Stub Series T 
erminated Transiever Logid) *V7£S&£tltz.ig ^MitCV^ 
^^ypyhn-71 bOAA^7 7 7 14b (-A7^^ 

[0106] flU K-^Sgi: 5 8 b N 68b 
*SJgtn:5 9b, 6 9b<Z)filt TKM-nvyK^ 

50 n -/^y-<7 5 bR^y- K-7 — ^ • 7-f Kt"— ^^<7 6 
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9 b. 6 9 b<om$:Wi7£-r st^ma^ ±&&M/<# — 

6 Q £<Z>#£\ 1^5 8b, 6 8 btfSigSfcffiift 
6J:5(-s *S5 6b, 6 6 b «r«ric-t*Siaj»^^ — >- 

[0 10 7] *^^fi. *»Ktt±EO#Sa6^ffi^lS 

Spirits <fc 5 i-LTt) «fcl\> 
[0108] 021 ^—MSt^-To m 2 1 te s ^—*lft 

b. 6 4bFfc ^tb^*v»S*!g'&«tn:*:#Ab^:« 
R s.= Z r V (4 Z u-Z r) 
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* £r^1- 0 la 2 1 t^^m*. #&6 1 b <b L.T«M4>f 
y t°-^y^z u^8 o a«ii/^-y^v\ %m 

6 2 b. 6 4 b i Lt#tt-f V t °-^y^ Z r ^ 8 0 Q 

6 1 b £<PfiiJfcffitfcffiR s^2 6. 6Q<£>SE<&16tn:6 

7 c Sr»AU 5Mk&G<t£i»6 2 b ircoraXU 5 ^^ 
GiJ§6 4 b £<Z>fflWStfcffiR s^2 6. 6QCOS 

-C, »S6 1 b<9«H4>f jfl/X (Zu = 8 0Q) 

10 3lI&6 2b, 64 b &t*!fr&JgSi 6 7 c. 67d© 

-£j*>f ^t*— (Rsi+ (Zr+Rs 2 ) /2 = 7 

9. 9 Q) tSrP6— i!cSii:S:ii:dS"e#. »i»6 1 

fc, Ji6 2b©«F^>'t 0 ^V7i (Zr=80Q) 
<b . 6 1b, 64b &U 5 K'&JStfi: 67c, 67 

dOM^f>^^ (Rs 2 + (Zu + Zr+Rsx 
+ Rs 2 ) /2-79. 9 Q) t*WS— SfcSiirS^i:^ 
"e#. SI6 2 b^f>^c^(^ttGtI^^^ 

20 [0109] SkT^m-t «t 5^, «-&1S#l6 7 c<7) 

tMtRsifi (* 2) T^S6£;i^T^6 0 
[0 1 10] 



Rs 2 =Zs (4Zu-3Zr)/(4Zu-Zr) 



(5£2) 



022 ^'j^^j^^-To in 2 2 -m, m-mMMm<D y 

— Kr-^ • hr-^^ 6 bt^i^T. #jft6 1 

b<D%r&4 tfl/^Z u £r 3 7. 5 Q, M6 2 

b, 6 4b^ft^yt-^Zr^5 0Q, 

G<t^6 2 b tCOmR^^GtXBe 4 b k(Dm 30 

i-ff A-T ^M^Sfei 6 7c (Onifim R s 2 ^25Ql:g 

5£ LTs S^ffifei 6 7c t^ffifetfiR s,= 0 X*m&& k 

^GWM^t^?), g^J&Jne 7 c^lU 

[oin] ±m<D&mmmw t x*\^ tk^« 

= K * ? a ^ ^ • b-r— ^/^^^y — Kf-^ 

[0112] se>m, ±ie<z>«-sa&gfl8-m, ^jt* 

fcmisX&bthx < zmnm? n yjr&mmt u?y 
wltv^ 0 u^L^^fb. *^p^co[^^^^y v-^ 



^ [oii3] jiiE^>*m6jgffi-c«. ^^y 

[0 1 14] 

-/^■^^^(DtrvScSriiiPSiirSr. i^<. ^^^^^^ 
[0 2] HI i^i-|^a!RAMC0«ll&^t2 5/^0T*fe 

So 

[0 3] Ell t-^-TT • K • ^ o y$ • 9 

[04] Hl3cDAa5i£Aiar*fe5o 

[0 5] 0 5^0 3c^Bg|5feA0T*fc5o 

[0 6] 01 ^^^©ttWSfllfifeBlT&So 

[0 7] H6^>c95te*:iaT*>-5o 

[0 8] 0 6CODg[54£^:0Tfe5o 

[0 9] ^-^»^ffi(^tfcf^*KWi-Sfc*o^>f 



(15) 



¥fM¥*9 - 3 3 0 1 5 6 



27 

[BIO] B9 l^-r y - Kffi*«rfro *:»&<0#{fcB 

[gun ^-^asjgjBcopffla^^y v^^^sis 
[mi 2] mi i tr^f y^y 9>r^— kco«p#«eb& 

4fc*:0-eS>5o 

[Hi 3] S-»l^PlW^y^rA^2S 
ttHSSttfc* ^ y 9>f K©«BM*jS0-?*>5o 

[mi 4] *«w©»-nift®ffi"es>-5HfflS:^^y v- 
* -t" a <^«&«j#m -e *> 5 o 

[HI 1 5] mi 4i^^i-->'>'^n^-^DRAMC0tHB&^ 
[m 1 6 ] m 1 4 {d/^i~T KI/^ • K • ^ n ^ 

[mi 7] mi 4{^ty- Kf*— * • y-r t^-^ 
[hi 8 j m~mmm<Dm^mmirz>tz-tib<D? 4 
[mi 9] m i 8 y - K^*^tTo fc^o#^ 

iwy- KK#Xt*y - K^— ^©fi*iK»«:^-rH 

[02 0] mi 8^t7^f bK#«r^ofc»^>#te 

[H2 l] »tt^^o*-&»»t(OEK©aE*««:*-rH 
[822] »tt^^©aE^^©EK©*»«S:*"t-H 



28 



[02 3] SyncLink^ifflSWcHJIia^^y 

la, lb ^Jj3yFn-7 
4 a [SJfflRAM 

4 b ^Dt7DRAM 

10 5 a 7 KU^ • K • ^ p y ^ • 7>f hr-^^ 

5 b T KU^ • ^vVK • ^ n *y?s<X 

6 a y — Ky^— 

6 b y — Kt=— 9 • y-r h^-^^ 

7a, 7b 7<^y K 

12a, 12b, 12c, 42a, 42b, 42c A 

14a, 14b, 44a, 44b ft^^^x 
16 — ^ ^ 

20 51a, 51b, 61a, 61b 

52a, 52b, 54a, 54b, 62a, 62b, 6 
4a, 64b 

56a, 56b, 66a, 66b ;fc jft 

58a, 58b, 67a, 67c, 67d, 68b, 6 
8a, 68b M&mtn 

59a, 59b, 69a, 69b 

7 1 mtt^^*? hs<? K 



[HI] 

hi 




62* 



#1 




#3 


• • • 


#n-1 








52a 


-4^ 



|>WMj WADP^SSjCOM^flW^RITE DATA.O&X J" 



02 



#4 



#n 



/fife 64* 



61a 



[02] 



[H4] 

@4 



READ DATA 
An 



I ADDRESS. COKWAND.WRI TE DATA. CLOCK (2a. 5 )a> 
-42a 



T READ DATA 



4a 

44a 




Zm-60Q 
Zm /* 



[05] 



[07] 



52a, 54a 




Rm-40O ^Rt-80D 



59a 61a / 

V_ S Rmr-2SD -c==3- 



(16) 



3 0 1 5 6 



[06] 



03 



69a 





/^Jtt ^ **°^^ Zar ^ Zsr 

V. Z&.50D Zr ' Zr Zr Zr 



64* 



D ✓ 



[H8] 




IB 9] 



2&, 64» 



ADDRESS 
COMMAND 
WRfTE DATA 

READ DATA 



7< h^R 




[HI 5] 
015 

I ADDRESS. COMMAND 



.42c 
-44b 



'J — K?— £ 



Y READ DATA, WRI 



T£ DATA 



[HI 0] 

BI 10 



address ::|E:::::::]S^::I^ 



Vdd 



COMMAND -Jw" \\f-( r^^^^^S , y — ^ 

WRITE DATA — j - 93 

i "^ 1 f i ^ i ? ■ Vss 

„j_ j j ,L„„ / ^^^ 1 Vdd 



READ DATA V 



READ DATA 2- 



Vdd 



VtU 



-i- Vss 




[B14J 



114 



4b 




#1 



#3 



62b 



#n-1 



ADDRESS. COMMAND 



4i 4i i r£ 

#2 #4 • • • *n 

4jH |4y| |4v 

^-^66b T 'f 



V 

64b 



READ DATA, WRITE DATA 



1 4b 



r 



6tb 
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[HI 1 ] [Hi 2J 



an m 12 




7r«ftflO 7r 7r 7r 7r 



[Hi 8] 



SI 18 



(18) 



«WP9 - 3 3 0 1 5 6 



[Ell 3] 

ESI 13 
44a 68a42a 59a 58a 




44a 68a 58a 59a 42a 

[H2 0] 

W 20 



7b 



m i 9] 
m 19 



-Vdd 



fc::i::::::::::i::::::::±:::: , 

g>:iz::::!t:.::::T:::":-:r vtt- 



READ DATA 1 ; 



READ DATA Z" 



— i 






■ [ j j jggjg 

;::::::::::p:::::::::;::::::::::i::::::Vg^!: 










— j -— 





14b 



Vbs 
Vdd 

Vfl - 



193 



Vss 
Vdd 

Vtt-K 
195 



12c 




[02 1 ] 

El 21 
67d 



67c 



61b / it" 



Zu=80Q 



Rsi= 
26.6Q 



67d 




[HI2 2] 



ADDRESS 



4- Vdd 



WHITE DATA 



[0 2 3] 



g|23 



1012a. 105a 104a 



Vtt*^ 



COMMAND g^E:9^::j^E$=E^;=g;;~jE 201 





14b 




(19) 



9-330156 



106b 



101b 



IH2 4] 



m24 




1012b 105b 104b 



Htf Hh Hh riT 



#3 



#2 



#3 



!014h^ 106c 



